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What is IOTA?

« |OTA stands for Integrable Optics Test Accelerator and is
being built at New Muon Lab at Fermilab.
« The planned experiments for this accelerator are:

— study the stability of single particle motion in nonlinear
Integrable lattices,

— Test nonlinear integrable optics with space charge

— Study space charge compensation with:
 Electron lens
« Self-generated electrons columns

— Proof-of-principle studies on optical stochastic cooling
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My task
« My task consists in the development of the octupoles

magnets to be installed in IOTA, including computer
simulation and prototype tests.
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* | chose the wire needed for achieving the expected current
density, weight and volume values. 14 AWG square copper
wire has been used.

« For the prototype, the magnetic field is so low that a non-
magnetic steel can be used with advantages in both time and
costs. The chosen steel alloy for prototyping is 1026, while
the final magnets will be produced in 1010 low carbon alloy.
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COMSOL simulation

5

| have been given the
drawings of the magnet and
had to simulate the
magnetic field.

The purpose of the
simulation was calculating
the field quality and the
magnetic length of the
octupole.
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COMSOL exports and MS Excel chart used for calculations.
The yoke length is 70 mm and the magnetic length 77.5 mm.

The field in the octupole should vary on a cubic dependence from the
radial distance. For this octupole, the cubic interpolation has a
correlation factor of 0.9933, as shown in the chart.
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Plot showing magnetic field in case of two magnets 100 mm far
from each other

IOTA ring will use a tunnel made up of 18 octupoles , running at different
currents and thus generating different fields’ magnitudes. | estimated the
effect of the two central magnet’s (where the effect is stronger) fields on each
other. The field at 50mm from the center is 7G considering just one and 11G
considering the superposition of the effects.
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Assemblying the prototype

Yoke and poles machining
has been outsourced.

| have wound the wire with
a winding machine for all
the poles, then screwed
them in the yoke.

| soldered the coil wires
together and glued circuit

The winding setup

) The almost-
terminal blocks to the finsined
yoO ke. prototype on the
bench for

Poles alignment was
ensured by an aluminum
crown: | screwed all the
poles to it after aligning
using feeler gauge.

thermal tests.
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Thermal measurement

The octupole was installed on a
bench and let reach thermal
equilibrium overnight. Then
temperature was measured with the
thermal cam. As shown in the
picture, temperature reaches
nowhere temperatures higher than
31 °C.

Measuring temperature indirectly by
Increase in resistance led to
Inaccurate results due to very low
Increase in temperature.
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Magnetic field measurement

The rotating wire strumentation: the rotating coil is inside the white probe. On the right is the
rotating engine and the links to the PLC and the recording computer. Close to the octupole
is the permanent quadrupole used for calibration.

Thermal measurements could be easily performed using a thermal cam or an
ohmmeter, but magnetic fields need much more instrumentation and processing.

The magnet had to be measured at Magnet Test Facility.
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Harmonics

IOTA Octupole at Stand C 16Sep2015
T T

The harmonics analysis J et s ]
showed that all the
harmonics are below 1%
(100 units = 1%) of the total

'monic Coef (units@8.5mm)

field. o
The most relevant harmonics |
are the 6th (12p0|e’ the fIrSt Measurement results SF:Z\j\n/iiC:;harmonics

allowed of the quadrupole)
and the 12t (24pole, the first
allowed for the octupole).
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The sextupole simulation = COMSOL
. 5%0 2.5
For the sextupole, the main
interest was in knowing 1 z
whether 1010 steel would
saturate or not. ‘
The maximum B value iIs 1
about 7 kG, which Is |
aCceptab|e for thlS T_Lne;raph:mgnl eeeeeeeeeeeeeeeeeeeee “normB (kG)/\ " 0.5
type Of StGEl / Surface plot at center of magnet
(COMSOL)
;., nl | Magnetic flux density on pole axis
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il / U \‘ (green)
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The sextupole simulation _ OPERA-3D

Potential in
sextupole OPERA

op€ra

* A model was built and simulated with Opera-3d, a FEA
software specifically designed for electromagnetism.

* Field in the center was evaluated for harmonics and for
geometrical discrepancies from theoretical model.
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Simulated field
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Plot exported from Opera
and elaborated with MS
Excel
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Thank you for the attention!
Questions?
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